Effects of the nonlocality of factorizable potentials are taken into account in the calculation of nucleus-nucleus fusion cross section through an effective mass approach. This cross section makes use of the tunneling factor calculated for the nonlocal barrier, without the explicit introduction of any result coming from coupled channel calculation, besides the approximations of Hill 
Nonlocal efFects in the nucleus-nucleus fusion cross section D. Galetti Effects of the nonlocality of factorizable potentials are taken into account in the calculation of nucleus-nucleus fusion cross section through an effective mass approach. This cross section makes use of the tunneling factor calculated for the nonlocal barrier, without the explicit introduction of any result coming from coupled channel calculation, besides the approximations of Hill [1, 2] . The measured fusion cross sections are much larger than the values predicted by the usual models which make use of barrier penetration calculations. In these models, in order to obtain the nucleusnucleus fusion cross section, one has to calculate the barrier penetration factor for a nuclear plus Coulomb potential, assuming that the two nuclei will fuse when they have penetrated to some extent such a potential. Obviously there remains the problem of defining this potential for the colliding heavy ions, and it is frequently assumed that the real attractive potential is to be taken as the one which describes the fusion cross section at higher energies or the real part of an optical potential which is obtained from the fitting of the elastic scattering data at higher energies [3] . The enhancement of the measured fusion cross section is then to be ascribed to some other physical eKects, and it has been pointed out the importance of the energy dependence of the nucleus-nucleus real potential in such a way to become more attractive at energies near the Coulomb barrier -this will lower that barrier -or by invoking the couplings to other channels, both inelastic and transfer [4] . In this last case, one can see that a net lowering can occur which will also enhance the barrier penetration when the incident energy is near the uncoupled barrier top. In both cases the enhancement effect is negligible when the energy of the colliding nuclei increases above the barrier. In this paper we intend to draw attention to the nonlocal character of the attractive part of the nucleus-nucleus total potential, which is a fundamental characteristic not considered in the phenomenological simple barrier penetration models and show that it can produce an enhancement in the fusion cross section also. In this connection we must emphasize that this contribution to the fusion cross section will be always present since for any nuclear system the nonlocality, arriving from many-body quantum eKects [5] , just reflects a fundamental feature of the nucleus-nucleus potential; therefore, in general, the total fusion cross section is to be considered as the result of a sum of the contributions coming &om the tunneling of a nonlocal potential plus other contributions, for instance, &om coupled channel calculations.
We start &om the assumption that the nucleus-nucleus potential has to be taken as the sum of a real attractive nonlocal part plus the local Coulomb potential; here the nonlocality is not deduced Rom basic principles but is treated instead in a phenomenological way in a similar fashion as that presented several years ago in the description of neutron-nucleus elastic scattering [6] . This treatment leads naturally to the introduction of an effective mass, in the same sense as that of Frahn and Lemmer [7] , which is now position dependent and presents an explicit dependence on the range of the nonlocality also. In a previous paper [8] the authors have already shown in a schematic nonlocal potential, using path integral techniques, that the enhancement in the barrier penetration in the %KB approximation is controlled by the presence of the efFective mass in the tunneling factor. In the present case we derive the expression for the effective mass which depends now on the explicit form of the real potential and show how this contribution modifies the nucleus-nucleus fusion cross section also. To this end we have assumed the well known Christensen-Winther real potential [9] to be suited for our purposes, and we adapted it so as to become nonlocal and, furthermore, only as a plausible assumption, we have considered that the main change in the effective mass will occur when the nuclei are at the radius of the local barrier. It is then direct to obtain an extended version of Wong's formula [10] for the fusion cross section which embodies now the aonlocal e8'ects of the real attractive potential. Since this expression is not obtained from basic principles, we end up with an expression involving a free parameter, namely, the parameter 6 which controls the range of the nonlocality. The fitting of this parameter was performed in several cases, and the results obtained indicate that for some heavy-ion fusion experimental data they are greater than the values of the nonlocality b which were also obtained in the nucleon-nucleus elastic scattering [6, 11] . We also discuss the cases for which a departure of the expected As has been pointed out previously [8] the nonlocal effects, originated &om the microscopic nuclear mean Geld, and initially not considered in the nucleus-nucleus real parametrized potentials used to describe fusion cross sections, can be introduced in a phenomenological fashion just by rewriting those attractive potentials as
Using previous results [12] we see that a Hamiltonian in phase space can be written such that it is expressed as
where 'R~"l(q) is the nth-moment of H(z, z'). These moments, bearing the physical contents necessary to describe the system, are then extracted &om the Hamiltonian which has the nonlocal term. In general one gets where we have assumed a Gaussian nonlocal dependence; the final results do not depend crucially on this particular choice -it could be assumed as any general normalized bell-shaped function -and will now exhibit that feature which is inherent to many-body systems. In this way we construct a total nucleus-nucleus potential as the sum of this nonlocal attractive contribution, a local term which describes the range repulsive part of the interaction and the kinetic energy term, namely,
which will be considered as being the total real local standard potential used to describe the nucleus-nucleus interaction.
For a nonlocal potential described by Eq. (2.1), one can easily show that the efFective reduced mass then reads [7, 8] 
where Therefore, it is clear that the nonlocal character of the attractive part of the nucleus-nucleus potential gives rise to a partial reduction on the reduced mass thus leading to an enhancement in the transmission coeKcient. In this description, the reduced mass is also dependent on the nonlocal range, 6, which will be treated as a fitting parameter.
In order to calculate the nucleus-nucleus fusion cross section in this context, we would have to write the starting nonlocal potential. However, we re&ain &om studying a microscopic derivation of this potential and, instead, we will only try to introduce its main expected properties, namely, its short range character and the dependence of its form on the density profile of the colliding nuclei. To explore these features, the starting Hamiltonian, Eq. (2.5), is now rewritten in spherical coordinates such that a centrifugal potential also contributes to Eq. (2.7), namely,
where V~l (q) are now the moments of the nucleusnucleus nonlocal potential. The first two even values of n give the dominant semiclassical contributions. For n = 0 we will have a p-independent term, which we interpret as the usual real local potential, and for n = 2 we have a term proportional to p, which will give rise to a quanturn correction to the mass of the colliding system. Odd terms in p will not occur due to our choice of the potential, moreover they correspond to dissipative terms and, consequently, they cannot be present in a Hamiltonian associated to a conservative system. On the other hand, this standard expression for the centrifugall potential will be kept hereafter in the Hamilt onian because, in this form, it allows us to extend our description to higher energies also since then it does not introduce spurious repulsion e8'ects in the centrifugal potential for higher I's, which would come &om the lowenergy effective mass initial approximation. Now considering our results [8] and taking the transmission coeKcient to be written in the nonlocal approach by the WKB form [14] 2l + 1
op(E;b) = -", ) [16] . Moreover, it does not depend on b, thus indicating that for E )) Vp the nonlocal effects are not important since in this case the transmission coefBcient is already approximately one regardless of the additional nonlocal effects. Therefore, it is clear &om our model that these nonlocal effects are important for energies below or around the top of the barrier, and it is based on these results that we can argue about the importance of the nonlocality as, at least in part, a possible answer to the well-known problem of the discrepancies in the subbarrier fusion cross section. Table I [19, 20] . It is worth notic-
